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(7) ABSTRACT

A pixel includes: a first transistor connected between a data
line and a first node; a second transistor connected between
a first power source and a second node, the second transistor
including a gate electrode connected to the first node; a third
transistor connected between the first power source and the
second transistor; a capacitor connected between the first
node and the second node; an organic light emitting diode
(OLED) connected between the second node and a second
power source; and a fourth transistor including a second
electrode connected to a cathode of the OLED.
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PIXEL, METHOD OF DRIVING THE PIXEL,
AND ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE PIXEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2015-0103137, filed
on Jul. 21, 2015, in the Korean Intellectual Property Office,
the entire contents of which are incorporated herein by
reference in their entirety.

BACKGROUND

[0002] 1. Field

[0003] One or more aspects of example embodiments of
the present invention relate to a pixel, a method of driving
the pixel, and an organic light emitting display device
including the pixel.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device displays
an image by using an organic light emitting diode (OLED)
that generates light by re-combination of electrons and
holes. The organic light emitting display device has a high
response speed, and may display a clear image.

[0006] In general, the organic light emitting display device
includes a plurality of pixels, each having a driving transis-
tor and an OLED. Each pixel may display a corresponding
grayscale (e.g., gray level) by controlling an amount of
current supplied to the OLED by using the driving transistor.
[0007] The above information disclosed in this Back-
ground section is for enhancement of understanding of the
background of the invention, and therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0008] One or more aspects of example embodiments of
the present invention relate to a pixel for improving picture
quality and for displaying a high-resolution screen, a method
of driving the pixel, and an organic light emitting display
device including the pixel.

[0009] According to an example embodiment of the pres-
ent invention, a pixel includes: a first transistor connected
between a data line and a first node; a second transistor
connected between a first power source and a second node,
the second transistor including a gate electrode connected to
the first node; a third transistor connected between the first
power source and the second transistor; a capacitor con-
nected between the first node and the second node; an
organic light emitting diode (OLED) connected between the
second node and a second power source; and a fourth
transistor including a second electrode connected to a cath-
ode of the OLED.

[0010] The first transistor may include a first electrode
connected to the data line, a second electrode connected to
the first node, and a gate electrode connected to a scan line,
the second transistor may further include a first electrode
connected to the third transistor, and a second electrode
connected to the second node, and the third transistor may
include a first electrode connected to the first power source,
a second electrode connected to the first electrode of the
second transistor, and a gate electrode connected to a first
control line.
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[0011] The fourth transistor may further include a first
electrode connected to the data line, and a gate electrode
connected to a second control line.

[0012] The first transistor may be configured to be in an off
state, and the second transistor, the third transistor, and the
fourth transistor may be configured to be in on states, during
a period.

[0013] A signal supplied to the data line during the period
may have a same voltage level as that of the second power
source.

[0014] The fourth transistor may further include a first
electrode connected to an initializing power source, and a
gate electrode connected to a second control line.

[0015] A power source that is configured to be supplied to
the initializing power source may have a same voltage level
as that of the second power source when the fourth transistor
is in an on state.

[0016] A first current path from the cathode of the OLED
to the second power source, and a second current path from
the cathode of the OLED to the initializing power source,
may be formed when the fourth transistor is in the on state.

[0017] According to an embodiment of the present inven-
tion, an organic light emitting display device includes: a
scan driver configured to supply scan signals to n (n is a
natural number greater than or equal to 2) scan lines; a data
driver configured to supply data signals to m (m is a natural
number greater than or equal to 2) data lines; a control driver
configured to supply control signals to a first control line and
to a second control line; and a plurality of pixels connected
to the scan lines, the data lines, the first control line, and the
second control line, each of the plurality of pixels including
a first sub-pixel, a second sub-pixel, and a third sub-pixel
that are configured to display different colors from each
other, and that are sequentially positioned, and each of the
first sub-pixel, the second sub-pixel, and the third sub-pixel
that is connected to an ith (i is a natural number less than or
equal to m) data line includes: a first transistor connected
between the ith data line and a first node; a second transistor
connected between a first power source and a second node,
the second transistor including a gate electrode connected to
the first node; a third transistor connected between the first
power source and the second transistor; a capacitor con-
nected between the first node and the second node; and an
organic light emitting diode (OLED) connected between the
second node and a second power source, at least one of the
first sub-pixel, the second sub-pixel, and the third sub-pixel
that is connected to the ith data line including a fourth
transistor including a second electrode connected to a cath-
ode of the OLED.

[0018] The fourth transistor may further include a first
electrode connected to the ith data line, and a gate electrode
connected to the second control line.

[0019] The first transistor of the first sub-pixel connected
to the ith data line may include a first electrode connected to
the ith data line, a second electrode connected to the first
node, and a gate electrode connected to a jth (j is a natural
number less than or equal to n) scan line of the scan lines,
the first transistor of the second sub-pixel connected to the
ith data line may include a first electrode connected to the ith
data line, a second electrode connected to the first node, and
a gate electrode connected to a (j+1)th scan line of the scan
lines, and the first transistor of the third sub-pixel connected
to the ith data line may include a first electrode connected to
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the ith data line, a second electrode connected to the first
node, and a gate electrode connected to a (j+2)th scan line
of the scan lines.

[0020] A signal supplied to the ith data line may have a
same voltage level as that of the second power source when
the fourth transistor is in an on state.

[0021] A first current path from the cathode of the OLED
to the second power source, and a second current path from
the cathode of the OLED to the ith data line, may be formed
when the fourth transistor is in the on state.

[0022] According to an embodiment of the present inven-
tion, a method of driving a pixel including a first transistor,
a second transistor between a first power source and an
organic light emitting diode (OLED), a third transistor, a
fourth transistor, and a capacitor, includes: turning on the
first transistor to supply a reference voltage to a gate
electrode of the second transistor, while a voltage level of
the first power source is at a low level; changing the voltage
level of the first power source to a high level, and storing a
threshold voltage of the second transistor in the capacitor;
turning on the first transistor to supply a data voltage to the
gate electrode of the second transistor; and supplying a
driving current corresponding to the voltage stored in the
capacitor from the second transistor to the OLED after
turning on the fourth transistor.

[0023] After the changing of the voltage level of the first
power source to the high level is performed, the voltage
level of the first power source may be maintained at the high
level during the storing of the threshold voltage, during the
turning on of the first transistor to supply the data voltage,
and during the supplying of the driving current after turning
on the fourth transistor.

[0024] After the voltage level of the first power source is
at the low level, the fourth transistor may maintain an off
state during the turning on of the first transistor to supply the
reference voltage, during the changing of the voltage level
of the first power source to the high level, during the storing
of the threshold voltage, and during the turning on of the first
transistor to supply the data voltage are performed.

[0025] After the voltage level of the first power source is
at the low level, a voltage of a second power source
connected to a cathode of the OLED may be supplied at a
first low level during the turning on of the first transistor to
supply the reference voltage, during the changing of the
voltage level of the first power source to the high level,
during the storing of the threshold voltage, and during the
turning on of the first transistor to supply the data voltage are
performed.

[0026] The method may further include reducing the volt-
age of the second power source to a second low level when
the fourth transistor is turned on.

[0027] The method may further include supplying a volt-
age having the second low level as the data voltage when the
fourth transistor is turned on.

[0028] According to one or more embodiments of the
present invention, there are provided a pixel capable of
reducing voltage increase caused by IR drop of a second
power source ELVSS (so that it may be possible to prevent
or substantially prevent brightness from being reduced at a
location remote from a second power source supply region),
a method of driving the pixel, and an organic light emitting
display device including the pixel.

[0029] According to one or more embodiments of the
present invention, there are provided a pixel for improving
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an aperture ratio and for displaying a high-resolution screen,
a method of driving the pixel, and an organic light emitting
display device including the pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects and features of the
present invention will become apparent to those skilled in
the art from the following detailed description of the
example embodiments with reference to the accompanying
drawings, in which:

[0031] FIG. 1 is a view illustrating an organic light emit-
ting display device according to an embodiment of the
present invention;

[0032] FIG. 2 is a view illustrating a pixel according to an
embodiment of the present invention;

[0033] FIG. 3 is a waveform diagram illustrating a method
of driving a pixel according to an embodiment of the present
invention;

[0034] FIG. 4 is a view illustrating a unit pixel of an
organic light emitting display device according to an
embodiment of the present invention; and

[0035] FIG. 5 is a view illustrating a pixel according to
another embodiment of the present invention.

DETAILED DESCRIPTION

[0036] Hereinafter, example embodiments will be
described in more detail with reference to the accompanying
drawings. The present invention, however, may be embod-
ied in various different forms, and should not be construed
as being limited to only the illustrated embodiments herein.
Rather, these embodiments are provided as examples so that
this disclosure will be thorough and complete, and will fully
convey the aspects and features of the present invention to
those skilled in the art. Accordingly, processes, elements,
and techniques that are not necessary to those having
ordinary skill in the art for a complete understanding of the
aspects and features of the present invention may not be
described. Unless otherwise noted, like reference numerals
denote like elements throughout the attached drawings and
the written description, and thus, descriptions thereof may
not be repeated.

[0037] In the drawings, the relative sizes of elements,
layers, and regions may be exaggerated for clarity. Spatially
relative terms, such as “beneath,” “below,” “lower,”
“under,” “above,” “upper,” and the like, may be used herein
for ease of explanation to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. Tt will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or in operation, in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” or “under” other elements or features would then
be oriented “above” the other elements or features. Thus, the
example terms “below” and “under” can encompass both an
orientation of above and below. The device may be other-
wise oriented (e.g., rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein
should be interpreted accordingly.

[0038] It will be understood that, although the terms
“first,” “second,” “third,” etc., may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers
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and/or sections should not be limited by these terms. These
terms are used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
invention.

[0039] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, connected to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer is
referred to as being “between” two elements or layers, it can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

[0040] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the present invention. As used herein, the sin-
gular forms “a” and “an” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and “including,” when used in
this specification, specify the presence of the stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

[0041] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent variations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
Also, the term “exemplary” is intended to refer to an
example or illustration.

[0042] The electronic or electric devices and/or any other
relevant devices or components according to embodiments
of the present invention described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific integrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of these devices may be formed on
one integrated circuit (IC) chip or on separate IC chips.
Further, the various components of these devices may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, in one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions

29
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are stored in a memory which may be implemented in a
computing device using a standard memory device, such as,
for example, a random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transitory computer readable media such as, for
example, a CD-ROM, flash drive, or the like. Also, a person
of skill in the art should recognize that the functionality of
various computing devices may be combined or integrated
into a single computing device, or the functionality of a
particular computing device may be distributed across one
or more other computing devices without departing from the
spirit and scope of the exemplary embodiments of the
present invention.

[0043] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and/or the present specification, and should not
be interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0044] Hereinafter, a pixel according to an embodiment of
the present invention, a method of driving the pixel, and an
organic light emitting display device including the pixel,
will be described with reference to the accompanying draw-
ings.

[0045] FIG. 1 is a view illustrating an organic light emit-
ting display device 1 according to an embodiment of the
present invention.

[0046] Referring to FIG. 1, the organic light emitting
display device 1 may include a scan driver 20, a data driver
30, a control driver 40, a timing controller 50, and a pixel
area 10 including a plurality of pixels PXL1.

[0047] The organic light emitting display device 1 may
further include n scan lines S1 to Sn connected between the
scan driver 20 and the pixels PXL1, and m data lines D1 to
Dm connected between the data driver 30 and the pixels
PXL1 (here, n and m are natural numbers greater than or
equal to 2).

[0048] The pixels PXL1 may be respectively connected to
the n scan lines S1 to Sn, the m data lines D1 to Dm, a first
control line for transmitting a first control signal GC, and a
second control line for transmitting a second control signal
GE.

[0049] The pixels PXL1 may receive a first power source
ELVDD and a second power source ELVSS from a power
source supply.

[0050] In addition, the pixels PXL1 may generate light
corresponding to data signals according to current that flows
from the first power source ELVDD to the second power
source ELVSS via respective organic light emitting diodes
(OLEDs).

[0051] The scan driver 20 generates scan signals accord-
ing to control of the timing controller 50, and may supply the
generated scan signals to the scan lines S1 to Sn. Therefore,
the pixels PXL1 may receive the scan signals through the
scan lines S1 to Sn.

[0052] The data driver 30 generates the data signals
according to control of the timing controller 50, and may
supply the generated data signals to the data lines D1 to Dm.
Therefore, the pixels PXLL1 may receive the data signals
through the data lines D1 to Dm.
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[0053] The control driver 40 generates the first control
signal GC and the second control signal GE, and transmits
the generated first and second control signals GC and GE to
each of the plurality of pixels. The first and second control
signals GC and GE may be concurrently (e.g., simultane-
ously) supplied to all of the pixels PXL1, without being
provided to each of the pixels PXT.1 with a time difference
(e.g., a predetermined time difference).

[0054] The timing controller 50 may generate data driving
control signals and scan driving control signals in response
to synchronizing signals supplied from the outside (e.g.,
supplied from an exterior of the timing controller 50 or the
display device 1). The data driving control signals generated
by the timing controller 50 is supplied to the data driver 30,
and the scan driving control signals may be supplied to the
scan driver 20.

[0055] The timing controller 50 supplies externally sup-
plied data to the data driver 30.

[0056] In FIG. 1, for convenience, the scan driver 20, the
data driver 30, the control driver 40, and the timing con-
troller 50 are separately illustrated. However, the present
invention is not limited thereto, and at least a part of the
elements may be integrated together.

[0057] FIG. 2 is a view illustrating a pixel according to an
embodiment of the present invention.

[0058] In particular, for convenience, a pixel PXL1 con-
nected to a jth scan line Sj and an ith data line Di is
illustrated in FIG. 2 (here, j is a natural number less than or
equal to n, and 1 is a natural number less than or equal to m).

[0059] Referring to FIG. 2, the pixel PXL1 may include a
first transistor T1, a second transistor T2, a third transistor
T3, a fourth transistor T4, a capacitor Cst, and an OLED.

[0060] The first transistor T1 may be connected between
the data line Di and a first node N1. For example, a first
electrode of the first transistor T1 may be connected to the
data line Di, a second electrode of the first transistor T1 may
be connected to the first node N1, and a gate electrode of the
first transistor T1 may be connected to the jth scan line Sj.
Therefore, the first transistor T1 may be turned on in
response to a scan signal supplied to the jth scan line S;j.

[0061] When the first transistor T1 is turned on, a data
signal of the data line Di may be transmitted to the first node
N1.

[0062] The second transistor T2 may be connected
between the first power source ELVDD and a second node
N2. For example, a first electrode of the second transistor T2
may be connected to the third transistor T3 (to be described
later), a second electrode of the second transistor T2 may be
connected to the second node N2, and a gate electrode of the
second transistor 12 may be connected to the first node N1.

[0063] The second transistor T2 may function as a driving
transistor for supplying a driving current to the OLED. For
example, the second transistor T2 may supply the driving
current corresponding to a voltage stored in the capacitor Cst
to the OLED.

[0064] The third transistor T3 may be connected between
the first power source ELVDD and the second transistor T2.
For example, a first electrode of the third transistor T3 may
be connected to the first power source ELVDD, a second
electrode of the third transistor 13 may be connected to the
first electrode of the second transistor T2, and a gate
electrode of the third transistor 13 may be connected to the
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first control line. Therefore, the third transistor 13 may be
turned on in response to the first control signal GC supplied
to the first control line.

[0065] The fourth transistor T4 may be connected between
the ith data line Di and the OLED.

[0066] For example, a first electrode of the fourth transis-
tor T4 may be connected to the ith data line Di, a second
electrode of the fourth transistor T4 may be connected to a
cathode of the OLED, and a gate electrode of the fourth
transistor 14 may be connected to the second control line.
Therefore, the fourth transistor 14 may be turned on in
response to the second control signal GE supplied to the
second control line.

[0067] When the fourth transistor T4 is turned on, a
current that flows to a wiring line to which the second power
source ELVSS is connected may be diffused to the ith data
line Di.

[0068] Here, the first electrodes of the first to fourth
transistors T1, T2, T3, and T4 may be source electrodes or
drain electrodes, and the second electrodes of the first to
fourth transistors T1, 12, 13, and T4 may be electrodes
different from the first electrodes. For example, when the
first electrodes are the drain electrodes, the second elec-
trodes may be the source electrodes.

[0069] Each of the first to fourth transistors T1, 12,13, and
T4 may include an n channel type transistor (e.g., an n
channel transistor) or a p channel type transistor (e.g., a p
channel transistor).

[0070] Therefore, the first to fourth transistors T1, T2, 13,
and 14 may be implemented by amorphous silicon thin film
transistors (a-Si TFT), oxide thin film transistors (oxide
TFT), and/or polycrystalline-silicon thin film transistors
(poly-Si TFT).

[0071] An n channel type transistor may be turned off
when a control signal is at a low level, and may be turned
on when the control signal is at a high level. In addition, the
n channel type transistor may have a higher operation speed
than a p channel type transistor, and may be suitable for
manufacturing a large area display device.

[0072] That is, electrons have higher mobility than holes.
Because the n channel type transistor uses the electrons as
carriers, the n channel type transistor may have a higher
response speed to the control signal than that of the p
channel type transistor that uses the holes as carriers.

[0073] On the other hand, when the first to fourth transis-
tors T1, T2, 13, and T4 are implemented by the oxide TFT,
an active layer of each of the first to fourth transistors T1,
T2, T3, and T4 may include an oxide semiconductor.

[0074] The oxide semiconductor may be an oxide includ-
ing at least one of titanium (Ti), hathium (Hf), zirconium
(Zr), aluminum (Al), tantalum (Ta), germanium (Ge), zinc
(Zn), gallium (Ga), tin (Sn), and indium (In).

[0075] The capacitor Cst may be connected between the
first node N1 and the second node N2. For example, a first
electrode of the capacitor Cst may be connected to the first
node N1, and a second electrode of the capacitor Cst may be
connected to the second node N2.

[0076] The OLED may be connected between the second
node N2 and the second power source ELVSS. For example,
an anode electrode of the OLED may be connected to the
second node N2, and a cathode electrode of the OLED may
be connected to the second power source ELVSS.
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[0077] The OLED receives the driving current from the
second transistor T2, and may emit light having a brightness
corresponding to the driving current.

[0078] In addition, as shown with a dotted line, a parasitic
capacitor Cp may be formed in the OLED.

[0079] The first transistor T1, the second transistor T2, and
the capacitor Cst may be commonly connected to the first
node N1. For example, the second electrode of the first
transistor T1, the gate electrode of the second transistor T2,
and the first electrode of the capacitor Cst may be commonly
connected to the first node N1.

[0080] The second transistor T2, the capacitor Cst, and the
OLED may be commonly connected to the second node N2.
For example, the second electrode of the second transistor
12, the second electrode of the capacitor Cst, and the anode
electrode of the OLED may be commonly connected to the
second node N2.

[0081] The first power source ELVDD may be a high
potential power source, and the second power source ELVSS
may be a low potential power source. In addition, the first
power source ELVDD and the second power source ELVSS
may change (e.g., swing) to different voltage values in
accordance with driving flow of the pixel PXL1.

[0082] FIG. 3 is a waveform diagram illustrating a method
of driving a pixel according to an embodiment of the present
invention.

[0083] Referring to FIGS. 2 and 3, a driving operation of
a pixel will be described.

[0084] Referring to FIG. 3, the method of driving the pixel
PXIL1 according to an embodiment of the present invention
may include an initializing process, a threshold voltage
compensating process, a data inputting process, and a light
emitting process.

[0085] The initializing process may be performed during a
first period P1. During the initializing process, a driving
voltage of the OLED in the pixel PXL1 is reset (e.g.,
initialized). A voltage of the gate electrode of the driving
transistor, that is, the second transistor T2 of each pixel
PXL1, is set as a reference voltage (e.g., a predetermine
reference voltage or a reset voltage).

[0086] When a light emitting period of a previous frame
ends, a voltage level of the first power source ELVDD
changes (e.g., swings) from a high potential to a low
potential, and the second control signal GE of the second
control line increases from a low level to a high level. That
is, the fourth transistor T4 is turned off.

[0087] In addition, the scan signals S1 to Sn correspond-
ing to the pixels are transited from low levels to high levels,
and are transmitted to the scan lines.

[0088] Reference voltages having the same value are
transmitted through the data lines D1 to Dm connected to the
pixels PXL1.

[0089] A scan signal is supplied to turn on the first
transistor T1, and the reference voltage is supplied to the first
node N1.

[0090] Although a value of the reference voltage is not
limited, the value of the reference voltage may be in a range
of a data voltage in accordance with an image data signal.
[0091] At this time, a ground voltage (e.g., a low potential)
is applied to the first power source ELVDD during the first
period P1, so that a current does not flow from the second
transistor T2 to the OLED. Therefore, because a current path
to the cathode electrode of the OLED may be blocked,
operation of the pixel PXL1 may be correctly performed.
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[0092] Next, the threshold voltage compensating process
may be performed during a second period P2. During the
threshold voltage compensating process, a threshold voltage
of the driving transistor, that is, the second transistor T2 of
each pixel PXL1, is compensated.

[0093] Because the second transistors T2 of the pixels
PXL1 included in the display device 1 have different thresh-
old voltages in accordance with a manufacturing process or
a material characteristic of a panel, due to a variation in
threshold voltages, it is difficult to correctly display bright-
ness having uniformity in the pixels PXL1.

[0094] Therefore, to reduce non-uniformity in brightness
in accordance with the variation in threshold voltages of the
second transistors T2 of the pixels PXL1, the threshold
voltages of the second transistors T2 of all of the pixels
PXL1 are to be compensated for at once (e.g., are to be
concurrently or simultaneously compensated).

[0095] When the initializing process ends, the first power
source ELVDD is transited to a high level, and the storage
capacitor Cst may store the threshold voltage of the second
transistor T2.

[0096] The data inputting process may be performed dur-
ing a third period P3. During the data inputting process, the
first transistor T1 is turned on so that a data signal may be
supplied to the first node Ni. Therefore, during the data
inputting process, the data signal transmitted from the ith
data line Di may be supplied to the first node N1.

[0097] Accordingly, during the third period P3, the scan
signal (for example, a high-level signal) may be supplied to
the jth scan line Sj. For example, the scan signals may be
supplied to the scan lines S1 to Sn sequentially.

[0098] Therefore, during the third period P3, the second
transistor T2 may be in an on state, and the third transistor
T3 that receives the first control signal GC at a low level
from the first control line may be in an off state. At this time,
the fourth transistor T4 may also be in an off state.

[0099] During the third period P3, a voltage of the first
node N1 may be maintained or substantially maintained as
a voltage (hereinafter, referred to as a data voltage) of the
data signal.

[0100] The light emitting process may be performed dur-
ing a fourth period P4. During the light emitting process, the
driving current corresponding to the voltage stored in the
capacitor Cst may be supplied from the second transistor 12
to the OLED.

[0101] Accordingly, during the fourth period P4, the scan
signal is not supplied to the scan line Sj. That is, during the
fourth period P4, the first transistor T1 may be in an off state.
[0102] During the fourth period P4, the third transistor T3
that receives the first control signal GC at a high level from
the first control line may be in an on state, so that a current
path is formed from the first power source ELVDD to the
second power source ELVSS (e.g., through the third tran-
sistor T3, the second transistor T2, and the OLED).

[0103] Further, during the fourth period P4, the fourth
transistor T4 that receives the second control signal GE at a
low level is in an on state, so that a current path is formed
from the first power source ELVDD to the first electrode of
the fourth transistor T4, that is, to the ith data line Di. That
is, a current path from the first power source ELVDD to the
OLED may be divided into a first current path from the
cathode of the OLED to the second power source ELVSS
and a second current path from the cathode of the OLED to
the ith data line Di.
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[0104] At this time, so that the current path may be divided
into the first current path and the second current path, during
the fourth period P4, the voltage level of the second power
source ELVSS may be the same or substantially the same as
the level of the voltage supplied to the ith data line Di. For
example, when the ground voltage is applied to the second
power source ELVSS, a signal having a voltage level that is
equal to or substantially equal to OV may be supplied to the
ith data line Di.

[0105] According to an embodiment of the present inven-
tion, because the second power source ELVSS having a
higher voltage is supplied from a location that is remote to
a second power source supply region, brightness is reduced
due to wiring line resistance of the second power source
ELVSS, and non-uniformity in brightness may be reduced
by diffusing a current that flows to the second power source
ELVSS.

[0106] In addition, because a data line Di is used as a
wiring line for diffusing the current that flows to the second
power source ELVSS, that is, because an additional auxiliary
wiring line is omitted, it may be possible to secure an
aperture ratio and to provide a pixel that is desirable for
having a high resolution.

[0107] FIG. 4 is a view illustrating a unit pixel of an
organic light emitting display device according to an
embodiment of the present invention. Hereinafter, repeated
description of the elements that are the same or substantially
the same as those described above may be omitted, and
detailed description of different elements will be described
in more detail.

[0108] The organic light emitting display device may
include a plurality of unit pixels, each including a first
sub-pixel SPXL1, a second sub-pixel SPXL2, and a third
sub-pixel SPXL3.

[0109] The first sub-pixel SPXL1, the second sub-pixel
SPX1.2, and the third sub-pixel SPXL.3 may be configured
to emit the three primary colors of red. green, and blue, or
to emit yellow, cyan, and magenta, but the present invention
is not limited thereto.

[0110] For example, other than the three primary colors, a
mixed color of the three primary colors and/or white may be
emitted.

[0111] Referring to FIG. 4, the fourth transistor T4 may be
provided in each unit pixel (e.g., in the first sub-pixel SPXT.1
of each unit pixel).

[0112] That is, the sub-pixels of the organic light emitting
display device may omit the fourth transistor T4, but at least
one of the first sub-pixel SPXL1, the second sub-pixel
SPXI1.2, and the third sub-pixel SPXL3 may include the
fourth transistor T4.

[0113] In FIG. 4, for convenience, the second power
sources ELVSS connected to the sub-pixels SPXL1, SPX1.2,
and SPXL3 are illustrated as being separated. However, the
sub-pixels SPXL.1, SPXL2, and SPXL3 may use a common
second power source wiring line.

[0114] In this case, the first to third sub-pixels SPXL1,
SPXL.2, and SPXL.3 may commonly use the fourth transistor
T4, so that the aperture ratio may be secured, and so that a
space may be reduced.

[0115] While it is illustrated in FIG. 4 that one fourth
transistor T4 is provided for the three sub-pixels SPXL1,
SPXL.2, and SPXL3, the number of sub-pixels that form a
unit pixel PXL1 is not limited thereto.
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[0116] FIG. 5 is a view illustrating a pixel according to
another embodiment of the present invention.

[0117] Referring to FIG. 5, a second electrode of the
fourth transistor T4 may be connected to the cathode of the
OLED, a first electrode of the fourth transistor T4 may be
connected to an initializing power source Vinit, and a gate
electrode of the fourth transistor T4 may be connected to the
second control line GE.

[0118] The fourth transistor T4 is turned on during a light
emitting period during which the OLED emits light. There-
fore, the first current path from the cathode of the OLED to
the second power source ELVSS, and a second current path
from the cathode of the OLED to the initializing power
source Vinit, may be formed.

[0119] Accordingly, in the case in which there may be
limitations on widely forming the data lines D1 to Dm, or
widely forming a wiring line width of the second power
source ELVSS, it might not be suitable or desirable to have
the first electrode of the fourth transistor T4 connected to the
data line Di, as described above, to diffuse a current into the
second current path so that non-uniformity in brightness
does not occur. Accordingly, as illustrated in FIG. 5, an
additional initializing power source Vinit wiring line may be
provided.

[0120] Asillustrated in FIG. 5, when the initializing power
source Vinit is provided, a voltage having the same or
substantially the same level as that of the voltage supplied to
the second power source ELVSS may be supplied (e.g,,
continuously supplied) to the initializing power source Vinit
during the light emitting period.

[0121] For example, when the second power source
ELVSS is grounded during the light emitting period, the
initializing power source Vinit may be grounded.

[0122] Because the other elements and content described
with reference to FIGS. 1, 2, and 3 may be applicable to the
sub-pixels SPXL1, SPXL.2, and SPXL3 of FIG. 4, and to the
pixel PXL2 of FIG. 5, repeat description thereof have been
omitted.

[0123] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense and
not for purposes of limitation. In some cases, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments, unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims, and their
equivalents.

What is claimed is:

1. A pixel comprising:

a first transistor connected between a data line and a first
node;

a second transistor connected between a first power
source and a second node, the second transistor com-
prising a gate electrode connected to the first node;

a third transistor connected between the first power source
and the second transistor;

a capacitor connected between the first node and the
second node;
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an organic light emitting diode (OLED) connected

between the second node and a second power source;

and

a fourth transistor comprising a second electrode con-

nected to a cathode of the OLED.

2. The pixel of claim 1, wherein the first transistor
comprises a first electrode connected to the data line, a
second electrode connected to the first node, and a gate
electrode connected to a scan line,

wherein the second transistor further comprises a first

electrode connected to the third transistor, and a second

electrode connected to the second node, and

wherein the third transistor comprises a first electrode

connected to the first power source, a second electrode

connected to the first electrode of the second transistor,
and a gate electrode connected to a first control line.

3. The pixel of claim 1, wherein the fourth transistor
further comprises a first electrode connected to the data line,
and a gate electrode connected to a second control line.

4. The pixel of claim 1, wherein, the first transistor is
configured to be in an off state, and the second transistor, the
third transistor, and the fourth transistor are configured to be
in on states, during a period.

5. The pixel of claim 4, wherein a signal supplied to the
data line during the period has a same voltage level as that
of the second power source.

6. The pixel of claim 1, wherein the fourth transistor
further comprises a first electrode connected to an initializ-
ing power source, and a gate electrode connected to a second
control line.

7. The pixel of claim 6, wherein a power source that is
configured to be supplied to the initializing power source has
a same voltage level as that of the second power source
when the fourth transistor is in an on state.

8. The pixel of claim 7, wherein a first current path from
the cathode of the OLED to the second power source, and a
second current path from the cathode of the OLED to the
initializing power source, are formed when the fourth tran-
sistor is in the on state.

9. An organic light emitting display device comprising:

a scan driver configured to supply scan signals to n (n is

a natural number greater than or equal to 2) scan lines;

a data driver configured to supply data signals to m (m is

a natural number greater than or equal to 2) data lines;

a control driver configured to supply control signals to a

first control line and to a second control line; and

a plurality of pixels connected to the scan lines, the data

lines, the first control line, and the second control line,
each of the plurality of pixels comprising a first sub-
pixel, a second sub-pixel, and a third sub-pixel that are
configured to display different colors from each other,
and that are sequentially positioned,

wherein each of the first sub-pixel, the second sub-pixel,

and the third sub-pixel that is connected to an ith (i is

a natural number less than or equal to m) data line

comprises:

a first transistor connected between the ith data line and
a first node;

a second transistor connected between a first power
source and a second node, the second transistor
comprising a gate electrode connected to the first
node;

a third transistor connected between the first power
source and the second transistor;
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a capacitor connected between the first node and the
second node; and
an organic light emitting diode (OLED) connected
between the second node and a second power source,
and
wherein at least one of the first sub-pixel, the second
sub-pixel, and the third sub-pixel that is connected to
the ith data line comptises a fourth transistor compris-
ing a second electrode connected to a cathode of the
OLED.
10. The organic light emitting display device of claim 9,
wherein the fourth transistor further comprises a first elec-
trode connected to the ith data line, and a gate electrode
connected to the second control line.
11. The organic light emitting display device of claim 10,
wherein the first transistor of the first sub-pixel connected to
the ith data line comprises a first electrode connected to the
ith data line, a second electrode connected to the first node,
and a gate electrode connected to a jth (j is a natural number
less than or equal to n) scan line of the scan lines,
wherein the first transistor of the second sub-pixel con-
nected to the ith data line comprises a first electrode
connected to the ith data line, a second electrode
connected to the first node, and a gate electrode con-
nected to a (j+1)th scan line of the scan lines, and

wherein the first transistor of the third sub-pixel con-
nected to the ith data line comprises a first electrode
connected to the ith data line, a second electrode
connected to the first node, and a gate electrode con-
nected to a (j+2)th scan line of the scan lines.

12. The organic light emitting display device of claim 10,
wherein a signal supplied to the ith data line has a same
voltage level as that of the second power source when the
fourth transistor is in an on state.

13. The organic light emitting display device of claim 12,
wherein a first current path from the cathode of the OLED
to the second power source, and a second current path from
the cathode of the OLED to the ith data line, are formed
when the fourth transistor is in the on state.

14. A method of driving a pixel comprising a first tran-
sistor, a second transistor between a first power source and
an organic light emitting diode (OLED), a third transistor, a
fourth transistor, and a capacitor, the method comprising:

turning on the first transistor to supply a reference voltage

to a gate electrode of the second transistor, while a
voltage level of the first power source is at a low level,

changing the voltage level of the first power source to a

high level, and storing a threshold voltage of the second
transistor in the capacitor;
turning on the first transistor to supply a data voltage to
the gate electrode of the second transistor; and

supplving a driving current corresponding to the voltage
stored in the capacitor from the second transistor to the
OLED after turning on the fourth transistor.

15. The method of claim 14, wherein after the changing
of the voltage level of the first power source to the high level
is performed, the voltage level of the first power source is
maintained at the high level during the storing of the
threshold voltage, during the turning on of the first transistor
to supply the data voltage, and during the supplying of the
driving current after turning on the fourth transistor.

16. The method of claim 14, wherein after the voltage
level of the first power source is at the low level, the fourth
transistor maintains an off state during the turning on of the
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first transistor to supply the reference voltage, during the
changing of the voltage level of the first power source to the
high level, during the storing of the threshold voltage, and
during the turning on of the first transistor to supply the data
voltage are performed.

17. The method of claim 16, wherein after the voltage
level of the first power source is at the low level, a voltage
of a second power source connected to a cathode of the
OLED is supplied at a first low level during the turning on
of the first transistor to supply the reference voltage, during
the changing of the voltage level of the first power source to
the high level, during the storing of the threshold voltage,
and during the turning on of the first transistor to supply the
data voltage are performed.

18. The method of claim 17, further comprising reducing
the voltage of the second power source to a second low level
when the fourth transistor is turned on.

19. The method of claim 18, further comprising supplying
a voltage having the second low level as the data voltage
when the fourth transistor is turned on.

* % % k¥

Jan. 26, 2017



patsnap

2017-01-26

2016-03-08

TRBR(F) BE K BHEENFEZURTEGENENLLEREE

K (BE)S US20170025060A1 K (nE)R
RiES US15/064518 RiEHR
FRIBB(EFROAF) ZEETERAXF

RIB(ERR)AGE) =EDISPLAY CO., LTD.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

+— PXL1

r——10

FRIZ B A CHO YOUNG JIN

HWANG YOUNG IN

KIM YONG JAE

CHOI DEOK YOUNG
KB A CHO, YOUNG JIN

HWANG, YOUNG IN

KIM, YONG JAE

CHOI, DEOK YOUNG
IPCH%E G09G3/32 H01L51/52 G09G3/20 HO1L27/32
CPCH %S G09G3/3225 H01L27/32 G09G2310/08 HO1L51/5296 G09G3/2003 HO1L51/5203 G09G3/3233

G09G2300/0842 G09G2300/0861 G09G2300/0866 G09G2310/0251 G09G2310/0262 G09G2320/0233

G09G2320/045
£ %42 1020150103137 2015-07-21 KR
H et 2 FF TR US10255850
SNEBEEHE Espacenet USPTO
RE(X) 50 '
BESE  EEERBELNE-—TACANE — R4S, EEEE —pjR  TMNG CONTROLLER - ] 10
AE-TAZANE-REE  FIAE-SGEaRERIREE—T | S DRER !
AR E A FTIR S — BRI ATIRE — RAE 2 BN E = R0 E " DI D2 D3 ~+ [pm
EFRE—TRMAMRE TR 2B ERSBINALE-RE e i
(OLED) , EBREFBE-—TRME-—LRZE ARENRGE , 8 Ll - e
FEEEFIOLEDR FAREY 5 — B4R, = } E {

s3 T |_—L| ] ]
B I T e
Sn ‘; : . . )
e ] S i s
GC/GE L bss


https://share-analytics.zhihuiya.com/view/6d844903-6274-4f06-900c-87c5cad454d0
https://worldwide.espacenet.com/patent/search/family/057837282/publication/US2017025060A1?q=US2017025060A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170025060%22.PGNR.&OS=DN/20170025060&RS=DN/20170025060

